Abstract. Large membrane pores and large quantities Introduction of reinfusion fluids can influence the dialytic balance of trace elements in haemodiafiltration (HDF ). As The interest in trace elements in haemodialysed (HD) there are no studies in HDF with on-line produced patients has been generated by the recognition that Al reinfusate, we studied plasma or whole blood (*) accumulation may cause toxicity (encephalopathy, concentrations of trace elements (Al, Cd*, Cr* and Se: adynamic bone disease and anaemia) [1]. A generalized mg/l; Cu, Pb* and Zn*: mg/dl ) of 24 on-line HDF, 20 increase in bromine and rubidium is commonly present haemodialysis (HD) patients and 66-490 normal sub-in HD patients, but anomalies of other trace elements jects (N ). The concentrations of Al (11.7±9.5), Cd in specific tissues may also be found. However, the (0.73±0.59) and Cr (6.5±6.9) were significantly clinical relevance of these abnormalities remains greater in on-line HDF patients than in normal unclear [2], and the trace elements may be considered subjects (6±0.4; 0.6±0.2; 0.5±0.02), but similar to only as cofactors in generating the clinical disorders those of HD patients. In on-line HDF patients, observed in HD patients [3]. Cu (85.3±17.7), Pb (8±4.6), Se (68±27) and Zn During HD, the bi-directional transport of trace (546±103) concentrations were less than in normal elements may result in either accumulation or depletion subjects (108±3.4; 11±0.8; 95±1.8; 673±23), and [3]. Disturbed renal function, impurities or insufficient those of Cu and Zn were also less than in HD patients concentrations in dialysate, chemical species of trace (99.5±16.8; 670±65). At the end of an on-line HDF elements, and absorption by dialysis membranes and treatment (42-69 studies), there was a significant tubings are the principal factors which may influence increase in Al (from 12.8±9.1 to 15.4±8.3), Cr (from the balance of trace elements [2]. 7.2±6.4 to 9.5±7), Cu (from 97.3±21.5 to
, in a longitudinal study after 12 (16-18 patients) dialysate at the beginning and end of a session: we or >30 months (five patients) (Table 4 ). compared whole blood or plasma concentrations Tubes and laboratory glassware were rinsed overnight in with those of our HD patients and followed trace hydrochloric acid and washed five times with double-distilled element concentrations in on-line HDF patients for water (Carlo Erba, Italy). Blood samples were collected in an extended period.
heparinized polyethylene tubes and plasma was separated from red blood cells immediately after collection. Blood (for Cd, Cr, Pb and Zn) and plasma (for Al, Cu and Se) samples
Materials and methods
were stored at 4°C until analysis (not more than 15 days). Trace elements were determined by atomic absorption spectroscopy (AAS, Perkin Elmer 1100 B and 3030 with HGA Seven trace elements (Al, Cd, Cr, Cu, Pb, Se and Zn) were 600 generator and AS 40 autosampler): in particular Al, Cd, evaluated repeatedly in plasma or blood from July 1993 to Cr, Pb and Se were determined by electrothermal atomization March 1997. Clinical, nutritional and biochemical parameters AAS with Zeeman background correction using pyro-coated of HDF patients are reported in Table 1 . Two patients died graphite tubes with L'VOV platforms, except for Cr; Cu and after 19 and 25 months due to liver cirrhosis and cardiac Zn were determined by flame AAS. The samples for Zn failure.
determinations were deproteinized with trichloroacetic acid Basal values of 24 on-line HDF patients ( Table 2) were before analysis. Quantitative determination was carried out compared with 20 HD patients and with a greater (but by the method of standard additions. All the reagents used different for each element) number of normal subjects.
were ultrapure grade (Suprapure, Merck; Germany). On-line HDF patients were treated thrice weekly for Analytical performance was checked every day by certified 211±21 min per treatment using polysulfone dialysers.
standard materials (CRM 194, Community Bureau of Trace elements in on-line HDF patients were evaluated Standards; SRM 8419, National Bureau of Standards, USA; many times at the beginning and the end of the session Seronorm TM, Nycomed Norway). The quality of the laboratory was verified regularly by an external control pro- 
The number of subjects studied is given in parentheses. 
The number of runs studied is given in parentheses; T paired test.
significance was set at P<0.05. The correlation in the various tion exists. In fact, chronic exposure to some trace groups was studied by a regression analysis according to elements with dialysate and reinfusate may be 50-to
Pearson.
12 000-fold higher than the estimated amount absorbed via the diet [7] . Moreover, acute intoxication by Al, Si, Cu, Zn, Sr or Cr due to accidental technical errors
Results
has been reported [6 ] . For these reasons, we cannot rule out the monitoring of some trace elements in onPlasma or whole blood values of trace elements studied line HDF because it is a procedure with direct infusion are reported in Table 2 . In on-line HDF patients, the of large quantities of reinfusate into the blood and concentrations of Al, Cd, Cr were greater than in with an easy passage of dialysate through large normal subjects, but similar to those of HD patients. membrane pores.
Concentrations of Cu, Pb, Se and Zn in these patients
On the other hand, the removal of trace elements in were less than in normal subjects; and those of Cu, Pb on-line HDF or in HD is evident if their concentration and Se were also less in HD patients. The changes in in dialysate outflow is greater than at the inflow site [5] . trace elements throughout the treatment session are After 4.83±3.92 months of on-line HDF treatment reported in Table 3 . A significant increase in Al, Cr, (basal condition), the plasma or blood concentrations Cu and Zn was observed. In the longitudinal study at of Al, Cd and Cr were elevated in comparison with 12 months ( Table 4) , trace element concentrations those in normal subjects, but similar to those of HD remained stable, except for Cu. At 30 months, an patients; those of Cu, Pb, Se and Zn were less than in increase in Cu and Pb was observed despite the small normal subjects (Cu and Zn were also less in HD number of patients studied during long-term follow up. patients). The values may differ from those found by other authors, due to different analytical methods or dialysis procedures or to the selection of patients
Discussion
(residual renal function, co-morbidity factors) or pharmacological treatment. Disturbances of trace elements are found frequently in Al is increased globally in HD patients [8] . Al HD patients and can be ascribed, at least in part, to overload has been implicated in the pathogenesis of the dialysis treatment itself, during which these con-encephalopathy, adynamic bone disease or anaemia in stituents may be either transferred to or removed from HD patients [9] . More subtle disorders at the level of the patients [6 ] . Although seasonal or day to day parathyroid function and bone turnover or of resistvariations in some trace elements in tap water (Al, for ance to erythropoietin therapy [10] or acute intoxicaexample, used as flocculate) may occur, trace elements tion due to technical errors [6 ] can be observed today. can be removed adequately by two passages through Due to the exclusive use of non-Al phosphate binders, RO [5, 6 ] . The addition of chemical concentrates may our plasma Al concentrations are lower than those increase some trace elements (Al, Cr) or micropollutant reported in recent literature [11] or advised (30 mg/l ) anions (SO2− 4 ), but the concentrations of trace ele-by D'Haese et al. [12] . Our average values of Al in ments and anions in the dialysate or reinfusate used dialysate or reinfusate of 5.4±3.2 mg/l [5] can be for on-line HDF remain within the limits recommended considered safe, since plasma Al was stable in the by international standards [5] . However, even in the study at the beginning of treatment as well as in longitudinal evaluation after 12-30 months. presence of RO, the possibility of serious contamina-Cd concentrations for our patients were greater than our HD patients, were reduced, and the reduction persisted in the longitudinal study. The reduced haemain normal subjects, in agreement with the data reported by others [11, 13] . Elevated blood concentrations of tological concentrations reported in the literature [2, 4, 6, 11, 35] , with some discrepancies [13] , have been Cd can play a role in the genesis of microcytic anaemia resistant to erythropoietin not related to iron deficiency associated with disturbances in taste or sexual performance [35] or reduced nerve conduction velocity [36 ] or haemoglobinopathy [11] . In uraemic patients, Cd appears to have been translocated among visceral and reduced superoxide dismutase activity [18] . A global increase in Cr has been found in HD intestinal absorption of Zn [37] , the use of these salts as phosphate binders can influence plasma Zn. patients [2, [13] [14] [15] . Needles and dialysate as sources of Cr could explain the increased concentrations at the Our determinations of Al, Cr, Cu and Zn at the end of the treatment could be influenced by haemoconcenend of the session as well as the accumulation of the element [2, 15] . Cr rapidly binds to proteins (85% is tration. The majority of trace elements are linked to transferrin or large proteins which increase significantly linked to transferrin) and does not back diffuse into the dialysate [16 ] . Hexavalent Cr acts as a carcinogenic with haemoconcentration.
In conclusion, our on-line HDF patients have elevsubstance [6 ], but the role of Cr in the genesis of cancer and in immunodepression remains uncertain ated Al, Cd, Cr and decreased Cu, Pb, Se, Zn plasma or whole blood concentrations. There is a trend for [2]. We did not observe a further accumulation of Cr in the longitudinal study; a steady-state in on-line Cu and Pb to normalize with time; the other trace elements remain stable as documented by numerous HDF is achieved at 14-to 16-fold the level of normal values.
determinations. The values for on-line HDF patients are similar to those of HD patients. The increase in Cu in our on-line HDF patients was significantly decreased. The plasma concentrations were lower in Al, Cd, Cu and Zn at the end of treatment may be considered as an expression of the increase of the on-line HDF than in HD patients. Cu is required in the lysyl oxidase activity for cross-linking, and its fraction of trace elements linked to large proteins. deficiency has been associated with growth retardation
